Based on the requirement in the simulation of lepton-nucleus deep inelastic scattering (DIS), we construct a fortran program LDCS 1.0 calculating the differential and total cross sections for the unpolarized charged lepton-unpolarized nucleon and neutrino-unpolarized nucleon neutral current (charged current) DIS at leading order. Any set of the experimentally fitted parton distribution functions could be employed directly. The mass of incident and scattered leptons is taken into account and the boundary conditions calculating the single differential and total cross section are studied. The calculated results well agree with the corresponding experimental data which indicating the LDCS 1.0 program is good. It is also turned out that the effect of tauon mass is not negligible in the GeV energy level.
Introduction
The lepton-nucleon deep inelastic scattering (DIS) has been one of the most important experiments in the high energy physics. It plays crucial role in the investigation of the electroweak and strong interactions (Quantum Chromodynamics, QCD) as well as the hadronic structure.
On the other hand, the lepton-nucleon (lepton-nucleus) DIS is significant in the studies of time evolution of the hadronization and final hadronic state (final hadronic rescattering). In the lepton-nucleus DIS simulations the lepton-nucleon DIS total cross section is required in order to decide which nucleon among the nucleons distributed randomly in the target nucleus sphere, can collide with the incident lepton and how that DIS is evolved in the nuclear medium.
The messages of lepton-nucleon DIS cross section are always embadded in the complex parton distribution function(PDF) fitting packages, such as HERAfitter [1] . However, a simple but self-consistent program calculating the lepton-nucleon DIS differential and total cross sections based on the experimentally fitted PDF set is of benefit to the lepton-nucleus DIS simulations.
To the end, we are devoted to construct a simple but self-consistent program calculating the lepton-nucleon neutral current (NC) and charged current (CC) DIS cross sections at leading order based on the fitted PDF. As new features, the mass of the incident and scattered leptons are taken into account and all 12 kinds of leptons are covered in the constructed program LDCS 1.0.
The cross sections can only be calculated provided the PDF is knowledged. Unfortunately, the PDF cannot be calculated in first principle and just can be parameterized via fitting the measured lepton-nucleon differential cross section to the corresponding theoretical calculation iteratively. For example, the HERA1 and ZEUS groups measured the electron-proton DIS cross sections at DESY [1] , these data are then used to extract the PDF set of HERAPDF 1.5 LO [2] by HERAfitter program [1, 3] .
In the section 2, we briefly introduce the theory of lepton-nucleon NC and CC DIS at leading order. We compare the calculated differential and total cross section to the corresponding experimental data in the section 3. Here the LDCS 1.0 is employed calculating the unpolarized charged leptonunpolarized proton DIS cross sections based on the HERAPDF 1.5 LO PDF set [2] and the neutrino-unpolarized iron DIS cross sections based on the HKNlo iron PDF set [4] . A brief summary is given in the section 4. The LDCS 1.0 program is described briefly in Appendix A. Figure 1 gives the Feynman diagram for the electron-proton NC (left panel) and CC (right panel) DIS at leading order (Born approximation). Correspondingly, the Kinematic variables defined in the nucleon rest frame (adopted later on) is given in Tab. 1. We note that DIS is restricted to the lepton-nucleon inelastic scattering process with Q 2 ≫ M 2 and W 2 ≫ M 2 . In the lowest-order perturbative theory, the cross section of lepton-nucleon DIS can be expressed as
Neutral and charged current cross section
[5], where j = γ, Z, γZ for NC and j = W ± for CC. α is the fine-structure constant. η j is defined by
[5], where M Z and M W are, respectively, the mass of Z and W , and G F is the Fermi constant given by
The lepton tensor L µν is associated with the coupling of the exchange boson to the lepton. For charged lepton (e = ±1, helicity λ = ±1 [5] ), L µν Table 1 : Kinematic variables in the lepton-nucleon DIS.
Static mass of the incident, scattered lepton
Fraction of the lepton energy lost
Bjorken scaling variable
Squared center-of-mass energy is given by
where cl refers to charged lepton. g cl V = −1/2 + 2sin 2 θ W is the weak vector coupling of the charged lepton to Z. g cl A = −1/2 is the weak axial-vector coupling of the charged lepton to Z. θ W is the Weinberg angle. g µν is the metric tensor and ε µναβ is the completely antisymmetric unit tensor. Because the number of left-hand (λ = −1) charged lepton is equal to the right-hand (λ = 1) charged lepton, the unpolarized charged lepton-unpolarized nucleon DIS cross section is just the average of the left-and right-hand contributions.
For neutrino (e = 0, λ = ±1), because γ exchange does not exist and only the left-handed neutrino (λ = −1) as well as the right-handed anti-neutrino (λ = +1) are observed so far, we have
where
, and the superscript nu refers to neutrino. One has to point out here that the efforts searching for right-handed neutrino are in progress [6] , provided it is found eventually then the equation (5), of course, should be changed.
Neglecting CP-violating effect, the nucleon tensor W µν can be expressed as
[ 5, 7, 8] . Here q µ is the 4-momentum transfer, P µ and s µ are the 4-momentum and spin of nucleon, respectively.P µ ,ŝ µ are defined as followŝ
F i (x, Q 2 ) (i = 1, 2, 3) are unpolarized structure functions, and g i (x, Q 2 ) (i = 1, 2, 3, 4, 5) are polarized structure functions [7, 8] .
For the lepton-unpolarized nucleon DIS, the nucleon tensor can be simplified as
In the naive quark-parton model [9] , F 1 and F 2 are approximately related by Callan-Gross relation
Inserting Eqs. (2), (4), (5) and (8) into Eq. (1) we obtain
for the lepton-unpolarized nucleon DIS. In the Eq. (10) I = clNC, nuNC, clCC, and nuCC (cl=e ± , µ ± , τ ± ; nu =ν e , ν e , ν µ , ν µ , ν τ , ν τ ). In the quark-parton model, the structure functions are related to the parton distribution function (q(x, Q 2 )). For neutral current DIS, we have
where e q is the charge ofuark. g q V as well as g q A are, respectively, the weak vector coupling between q and Z as well as the weak axial-vector coupling between q and Z. They are
For charged current DIS, we have
for incident lepton of e − , µ − , τ − , ν e , ν µ and ν τ , as well as
for incident lepton of e + , µ + , τ + , ν e , ν µ , and ν τ . In the lepton-nucleon DIS, because of Q 2 ≫ m 
is always required in the argument transformation from dxdy to
The total cross section can be expressed by the differential cross section (Eq. (10)) as follows
where the integral limits should be decided by the scattering kinematics. In order that the direction of incident lepton is set on the z axis and the lepton scattering angel is denoted as θ, one then has
Further one can deduce
from Eq. (19). Together with the facts of cos 2 θ ≤ 1, 0 ≤ x ≤ 1 and 0 ≤ y ≤ 1, the x and y kinematic limits are obtained
Meanwhile, the x and y integral limits must keep with the DIS characters of Q 2 ≫ M 2 and W 2 ≫ M 2 , which lead to
and max Q 2 min
where 0 ≤ y ≤ 1 is employed.
Combining Eq. (21), (22) and (23), we obtain x and y integral limits eventually
Results
Hereafter, we will mainly use the LDCS 1.0 program (the equation (10)) to calculate the cross sections for the various lepton-nucleon DIS and compared with the corresponding experimental data in order to prove the correction of the LDCS 1.0 program.
The double differential cross sections of the unpolarized electron-unpolarized proton DIS at √ s=318.7 GeV are shown in Fig. 2 for different x values. In this figure the solid and open triangles are experimental data measured by HERA1 and ZEUS [1] , the solid and dashed lines are theoretical results calculated with HERAPDF1.5 LO PDF set [2] . One sees in this figure that the experimental data are well reproduced by the theoretical calculations. Figure 2: Experimental and calculated double differential cross sections of the unpolarized electron-unpolarized proton DIS at √ s=318.7 GeV. Solid and dashed lines are calculated with HERAPDF1.5 LO PDF set [2] . Solid and open triangles with error bars are experimental data measured by HERA1 and ZEUS [1] .
We give the theoretical single differential cross sections dσ/dx (solid curves) obtained by integrating the corresponding theoretical double differential cross sections (as shown in Fig 2) over Q 2 with Q 2 min =1000 GeV 2 and y < 0.9 in Fig. 3 . In this figure the solid and open circles with error bars are the corresponding experimental data taken from [10, 11] . One sees in this figure again that the theory well agrees with the experiment. The unpolarized electron-unpolarized proton DIS total cross section σ DIS (NC+CC) as a function of √ s calculated with HERAPDF1.5 LO PDF set [2] and kinematical cuts of Q 2 min =1.0 GeV 2 and W 2 min =1.96 GeV 2 is shown in Fig. 4 as black solid line. In this figure the red and blue circles are, respectively, the pp and γp total cross sections taken from [5] . We see in Fig 4 that the e − p DIS total cross section is a few order of magnitude smaller than pp at the range of √ s ≤10 4 GeV. We compare the unpolarized electron-unpolarized proton DIS total cross section (solid line) with the corresponding µ − p (crosses) and τ − p (dashed line) DIS total cross sections in the Fig. 5 . The difference among them stems from their mass. The solid circles and triangles as well as open circles and triangle in Fig. 6 present, respectively, the ν µ F e as well asν µ F e (here F e is unpolarized) CC inclusive scattering total cross sections experimental data (σ exp1 cc as well as σ exp2 cc ). The triangle data are taken from [12] and the circle data from [13] . As mentioned in [12] that their ν µ F e andν µ F e CC inclusive scattering cross sections were measured by the iron-scintillator detector with a 6.1% excess of neutron over proton. This was corrected by the NEUGEN3 cross section method [14] . The correction is about -2% for neutrino and +2% for antineutrino. Therefore, the expected cross section of ν µ (ν µ ) CC inclusive scattering off the isoscalar target is (1-0.02)σ exp1 cc ((1+0.02)σ exp2 cc ). This cross section is quoted as the cross section of ν µ N (ν µ N) CC inclusive scattering in [5] , N here is refers to the nucleon (neutron and/or proton).
The dashed and solid curves in Fig. 6 are the theoretical total cross sections of ν µ F e andν µ F e DIS calculated by Eq. (10) and with the iron PDF set (taken from [4] ), the kinematic cuts of Q 2 min =1.0 GeV 2 and W 2 min =1.9 GeV 2 , as well as the correction factor of 0.98 for neutrino and 1.02 for antineutrino. One sees in Fig. 6 that the theory agrees with experiment fairly well at the high incident lepton energy region (E i ≥100 GeV), but the agreement is bad at the low energy region. This is because the theory is for the DIS process only but the experiment is for the inclusive scattering which is a combination of the quasi-elastic scattering, DIS, and resonance production. And the DIS is dominated at the high incident lepton energy region but at the low energy region the quasi-elastic scattering and resonance production are dominated [5] . Therefore, one may conclude either that the equation (10) 7 shows the lepton mass effect on the NC (panel (a)) and CC ((b)) unpolarized charged lepton-unpolarized proton DIS total cross sections as well as on the NC ((c)) and CC ((d)) neutrino-unpolarized iron DIS total cross sections. The proton PDF used in the panels (a) and (b) calculations is taken from [2] and the iron PDF used in the panels (c) and (d) calculations is taken from [4] . We see in Fig. 7 that the mass effect on the NC lepton-proton and neutrino-iron DIS total cross section is weak (cf. panels (a) and (c)). The effect on the CC lepton-proton DIS total cross section is also weak(cf. panel (b)) but on the CC neutrino-iron DIS is visible(cf. panel (d)). 
Summary
The Monte Carlo simulation is one of methods investigating the leptonnucleon and lepton-nucleus DIS. In the lepton-nucleus DIS, the nucleons in target nucleus are first random distributed in the target nuclear sphere according to the Woods-Saxon and 4π isotropic distributions. The collision possibility is then considered between the incident lepton and each one of the target nucleons, here the lepton-nucleon DIS total cross section is necessary.
Although, the message of lepton-nucleon DIS cross section are always embadded in the complex PDF fitting packages such as HERAfitter [1] . However, for the benefit of lepton-nucleus DIS Monte Carlo simulation, a simple but self-consistent program calculating the lepton-nucleon DIS differential and total cross sections based on the experimentally fitted PDF set is highly required.
Therefore, we pick up the concerned messages (subprograms) from the PDF fitting packages and compose a simple but self-consistent program (LDCS 1.0) for the calculation of the unpolarized charged lepton-unpolarized nucleon and the neutrino-unpolarized nucleon DIS differential and total cross sections. Before that, we have first briefly introduced the basic theory about the lepton-nucleon NC and CC DIS. The equation of (10) is then derived calculating the NC and CC differential cross sections for the lepton-unpolarized nucleon DIS at leading order with the incident and scattered lepton masses taken into account. Then we have compared the calculated lepton-nucleon and/or leptoniron double, single differential, and total cross sections to the corresponding experimental data. The good agreements between the theoretical results and the corresponding experimental data indicate that the program LDCS 1.0 works very well. Additionally, the integral region of Eq. (24) and (25) for the arguments of x and y are studied in detail. The investigations in both the cross section and the integral region lead to a conclusion that the mass of tauon can not be neglected in the GeV energy level.
